Introduction

Renewable energy resource has an increasing interest for human development in the last decades and photovoltaic solar energy has become one of them in a speedy rising expansion. Several photovoltaic solar panels farms have been built to take advantage of this energy in many countries. Some areas of the planet with a good solar potential have also intense winds, which induce a great wind load on solar panels farms. Standards and codes for wind load action have not been an adequate tool to evaluate wind load on photovoltaic (PV) solar panels yet; thus, this is the main reason to carry out deeper studies on this subject. Many factors such as the panel inclination, panel dimensions, panel's height, upstream exposure and wind attack angles must be considered on the applied wind load design.
Studies of wind load on PV solar panels located on the ground or on the rooftop of the buildings have been reported in specialized literature. There are representative samples of these studies; some are presented in this article.
One of the first studies was performed by Miller and Zimmerman (1981) ; they analyzed the wind loading on photovoltaic array field through measures on wind tunnel models. These authors concluded that measure dimensionless pressure coefficients were independent of the Reynolds number. They also found considerable difference between normal force coefficients for uniform and non-uniform flow. Besides, they proposed the use of fence and barriers in order to reduce the wind forces on the PV panel located at the edge or at the corner of the PV field.
During the last decades, several studies of wind loads on PV panels on roofs-mounted have been developed through wind tunnel tests (Aly and Bitsuamlak 2013b , Bienkiewicz and Endo 2009 , Bronkhorst et al. 2010 , Ginger et al. 2011 , Radu and Axinte 1989 , Radu et al. 1986 , Stathopoulos et al. 2015 , Stathopoulos et al. 2014 , Stenabaugh et al. 2015 , Wood et al. 2001 , full scale measurements (Geurts and Blackmore 2013) and numerical simulation (Banks 2013 , Bienkiewicz and Endo 2009 , Bronkhorst et al. 2010 . Detailed features of some of these works can be found at the literature review conducted by Stathopoulos et al. (2012) . However, few studies report the effect of wind loading on ground mounted PV panels through wind tunnel test (Abiola-Ogedengbe et al. 2015 , Aly and Bitsuamlak 2013a , Stathopoulos et al. 2014 , which is the aim of the present work. Aly and Bitsuamlak (2013a) (Stathopoulos et al. 2014) (Bitsuamlak et al. 2010 , Shademan et al. 2014 . Even when this technique is not used in the present work, the results of these studies (Bitsuamlak et al. 2010 , Shademan et al. 2014 are interesting in order to deepen in the behavior of pressure distribution of PV panel. Bitsuamlak et al. (2010) (Bitsuamlak et al. 2010) reported that the highest values of overall wind loads correspond to 180° wind angle of attack. Shademan et al. (2014) (Shademan et al. 2014 ) also reported that introducing the gap between the sub-panels changes significantly the flow structure in the wake region. They pointed out that when the ground clearance is increased, it results in a lager mean wind loading on the structure.
investigated the wind effects of stand-alone ground mounted PV panel with 40° of inclination for three incident angles of attack (0°, 30° and 180°). Full scale experimental measurements were used to validate the Computational Fluid Dynamics (CFD) results. The authors who worked on this investigation
Wind load on solar panels are not a particular case in standards and wind codes, then they could be designed as canopies. The study of several standards and codes (AS/NZS1170.2 2011 , ASCE7-10 2010 , CIRSOC-102 1992 , EN1991-1-4 2004 , NBR6123 1988 , NC-285 2003 (NC-285 2003) , Brazilian (NBR6123 1988) and Argentina (CIRSOC-102 1992) 
Description of the experimental test
In this study, the experimental test was performed following the requirements defined by Kopp and Banks (2012) even when they are presented specifically for roof mounted solar-arrays, they can be applied for PV panels on the ground.
Model
The reduced model of the PV panel was built according to data collected of a full-scale PV module (prototype), it is a repetitive form used at Cuban solar farms installed on the ground. General dimensions of PV module are 5.1 x 5.3 meters, composed by 20 individuals PV panels of 1.00 m x 1.325 m in a 4x5 array. The prototype is a four legs structure with braced elements of steel channels of 80 mm as support of panels as shown in Figure 1 .
Model of PV panel was built in a geometrical scale of 1:10 considering the independence of pressure coefficients of Reynolds number, appropriate materials for model's construction, wind tunnel blockage and allowing an appropriate system of pressure taps in order to detail the pressure distributions. Dimensions of reduced model are shown in Figure 2 . Maximum blockage ratio calculated for model is equal to 2%, then no corrections were made. The model allows the inclination of the panel for 15° and 23°. Materials employed in the construction of the model were aluminum and acrylic ensuring the adequate stiffness for the test. The PV model was erected with four acrylic plates of 10 mm thick inside which the flexible pressure tubes were inserted. Structure of the model was designed considering that all pressure tubes could be installed without a modification of the wind flow. Tubes were conducted inside the legs and the braced members as can be seen in Figure 3a . The surface of the panel were sectioned in four symmetric divisions where 28 pressure taps of 1 mm internal diameter were spread in the upper and under face as shown in Figure  3b . Each pressure taps on the upper side and in the lower side are over the same normal line to the face. Pressure taps were incremented at the panel corners in order to capture the effects of the vortices produced in this area. 
Testing facilities and procedure
The (Cataldo and Durañona 1998 Figure 4a shows that the measured profile was well approximated with the mean wind profile described by the logarithmic law (Davenport 1967) represented by (1). Figure 4b) . Wind velocity and turbulence intensity profiles were measured using a hot wire anemometer IFA100 from TSI Company U.S. Test wind velocity was set at 20 m/s. Figure 4c shows the velocity fluctuation frequency spectra at 
Results and discussion
Pressure coefficients
Pressure measurements of the upper and lower surfaces of the panel were processed to calculate the time history net pressure coefficients ( !" !"# ( )) at each pressure taps by means of equation 2.
where ! ! ( ) and ! ! ( ) are pressures measured at upper and lower surfaces at the tap respectively, is air density, !!" is mean wind speed at reference height, which was taken at the mid height of the inclined model. The net pressure coefficients are defined as negative when they are acting in the upward direction and they are positive when they are acting in the downward direction. It was obtained the mean ! !"#$ and peak ! !"#$ !! load coefficients from the time history net pressure coefficients. To obtain the 3-s peak load coefficients, the time history of the net pressure coefficients was divided into several intervals of 3 seconds size, at full scale time, with W number of samples for each interval where can be observed a maximum and a minimum value of net pressure 3 respectively. The 3-s peak value of the pressure coefficients can be calculated as the sum of the maximum or minimum of each interval divided by the total number of intervals.
Graphics on Figure 7 show mean and (3-s) peak values of net pressure coefficients distribution for 15° and 23° panel inclination for each tested wind direction. It is observed that pressure distributions are similar for both panel inclinations, however highest values of net pressure coefficients were found for 23° panel inclination in agreement
with previous studies (Abiola-Ogedengbe et al. 2015 , Stathopoulos et al. 2014 Abiola-Ogedengbe et al. (2015) and (Shademan et al. 2014 Figure 7b and Figure 7d . from -4.20 to -8.76 for 23° and from -4.15 to -5.96 In the consulted bibliography, it is possible to find diverse research work (Ginger et al. 2011 , Stathopoulos et al. 2014 
